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In  studying  phenomena  of  metastasis  of  spontaneous  tumors,  whether  in 
laboratory animals or in  man,  one  has  but  a  single  example of  the  results  of 
interaction between tumor and host, and while it is possible to accumulate large 
groups of cases composed of tumors of similar or even identical character, one is 
still confronted by the fact of individuality or a lack of knowledge of how a given 
tumor  might  behave  in  another  individual.  Our  knowledge of  phenomena  of 
metastasis is founded largely upon the study of such material, but in spite of the 
difficulties referred to, it has been possible to show that tumors of a  given class 
tend to metastasize by certain paths and to localize in certain parts of the body. 
It has also been found that, while the great majority of tumors of a  given type 
show  a  remarkable degree  of  conformity in  their  general  behavior,  there  are 
striking exceptions to  these rules, and  that a  wide range of possibilities is pre- 
sented by almost any variety of malignant tumor.  Moreover, it is well known 
that tumors ordinarily regarded as benign ~nay upon occasion assume malignant 
characteristics and give rise to metastases in distant organs. 
In brief, our experience with spontaneous tumors has led to the creation of a 
conception of essential conformity in the behavior of tumors of a  given class and 
of possible variations which  is of  inestimable value  in  dealing with  malignant 
tumors.  At  the  same  time,  comparatively little is  known  of  the  underlying 
causes for this behavior.  No one knows whether these features of tumor growth 
are attributable to some tendency on the part of the tumor cell or whether after 
all the conformity in behavior may not be referable to  the  same  causes as are 
responsible for the development of the  tumor.  At any rate,  the  objective evi- 
dence of cellular activity is the thing that has been most forcibly impressed upon 
us  by our  contact with  malignant disease, and  it may be  that  this  experience 
has  tended  to magnify our conception of  the relative importance of  the  tumor 
cell as an aggressive agent with selective capacities and to minimize the impor- 
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tance of other factors.  In the same way, we have been led to believe that tumors 
are exempt from the general laws or principles governing pathological action or 
that they are autonomous and obey no known laws. 
As long as our knowledge is confined to facts that may be gained from a study 
of spontaneous tumors and the single expression of action of a given tumor, it is 
difficult to escape such conclusions, but our point of view may be greatly enlarged 
by multiplying instances of the action of a given tumor stock and by varying the 
conditions of its activity.  If, therefore, nothing more could be gained from the 
study of transplanted tumors, it would still be worth the while to examine into 
the one problem of  the conformity of tumors to the action of principles of any 
kind with a view to determining the causes which are responsible for the uniform- 
ity in the behavior of tumors of  a given class and the peculiarities which charac- 
terize the behavior of different classes  of tumors.  In other words,  to what ex- 
tent are  the  characteristics of  tumor growth  due to  essential attributes of  the 
tumor cells, and how far may these cells be influenced by factors which are within 
the  host or by factors  entirely distinct from  either but operative  through  the 
host rather than directly upon the tumor cells?  This is the essence of the problem 
of metastasis. 
In the  present instance of  a  rabbit tumor,  the  opportunity was  afforded  of 
making a careful study of the animal with the spontaneous tumor (1)  and since 
then a  long series  of observations has been carried out on tumors derived from 
this parent stock  (2-4).  The spontaneous tumor metastasized both by way of 
the  lymphatics and  the  blood  stream,  the  organs  affected  being  the  regional 
lymph nodes,  the lungs, the liver, the  spleen, the bones, and the  kidneys, but 
from a study of the spontaneous tumor alone, it would be impossible to say what 
the  conditions were  that  determined this particular distribution of  metastases. 
The picture presented might be regarded as a matter of chance or as an indication 
of a  predilection of the cells of this tumor for growth in certain organs or as a 
condition determined by the mode of cell distribution.  On the  other hand, it 
might be viewed as an indication of resistance of different organs or  tissues to 
the growth of the tumor cells or as a combination of all of these factors and per- 
haps of others.  At any rate,  these are among the possibilities that have to be 
considered, and the results obtained from the study of transplanted tumors may 
be analyzed with a  view to  determining how  far  the  influence of  such  factors 
can be traced or the extent to which they have dominated the behavior of the 
tumor. 
The incidence and distribution of metastases, the characteristics of the growth 
in different locations, and the circumstances of their occurrence, as well as the 
fate of lesions in different organs were  described in the preceding papers of this 
series  (5,  6)  and will be used here as  the basis for a  discussion of factors  that 
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DISCUSSION. 
As regards the r61e of the tumor cell, it may be said that the picture presented 
by the original animal has never been duplicated.  During the first twenty genera- 
tions, no distant metastases were obtained in normal animals inoculated either 
in the skin or the subcutaneous tissues, and, although a  great variety of lesions 
was  produced  by  intratesticular inoculation,  in  no  instance  was  there  such  a 
preponderance of metastases in  the  liver, spleen, and  bones.  From this,  it  is 
at once apparent  that  the  tumor per se was not the sole cause for  the picture 
presented by this animal but that there were other factors peculiar to the animal 
itself that played a  part in determining the result. 
In like manner, it must be apparent that, in as far as any inherent quality of 
the tumor cell itself is concerned, all animals and  all organs or tissues may be 
regarded as being upon an equal footing.  Still, it was found that even animals 
of the same series might show the greatest diversity in results so that, while the 
tumor cell must be considered as an essential element in the equation, it is obvious 
that its activities were limited by outside influences which were capable of pro- 
ducing an almost endless series of variations even though  all experimental con- 
ditions were  virtually constant,  except  those  that  concerned  the  individuality 
of the host. 
The problem of metastasis may then be narrowed down to two main groups of 
factors; namely, accessibility of the part to tumor cells in a viable condition and 
the ability of the cells to grow in a  particular organ or tissue or,  so  to  speak, 
phenomena of cell transport and of cell nutrition in its broadest sense.  The key 
to  the solution of the problem lies, therefore, in conditions that  determine dis- 
tribution of cells, conditions that affect the viability of the cells during transport, 
and the ability of the cell to grow where it becomes lodged. 
As has been pointed out, the mode of growth of this tumor is such as to render 
it  practically certain  that  some  dissemination of  cells occurs  early and  in  all 
animals with actively growing tumors and  that  cells are distributed to  distant 
parts of the body by two separate and distinct paths, the blood stream and the 
lymphatics.  However,  mere entrance of tumor  cells into  the blood  stream  or 
lymph  channels is not  sufficient to  insure  the  development of  metastases.  In 
fact, growth was rarely obtained by intravenous inoculation of normal  animals, 
and there was virtually a  complete failttre of the cells to grow in distant organs 
of upwards of 40 per cent of the animals inoculated in the testicle, although it is 
known that, in all such animals, there were tissues in which the cells might have 
grown with ease provided they could have reached  such places in a  viable con- 
dition.  Under ordinary circumstances, therefore, it is obvious that  many cells 
entering the blood stream or the lymphatics are disposed of in such a  way as to 
prevent  their growth,  and  apparently this mechanism is more  efficient in  some 
animals than in others. 
On the other hand, it has been seen that, when metastases do occur, a  certain 
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their occurrence,  the distribution of the lesions,  the character of the growth in 
a  given location,  and  the reaction displayed by the  surrounding  tissues.  Such 
a course of events is not altogether a matter of chance but is an expression of the 
action of conditions  which  have some part in shaping the course  of the disease. 
The nature of the factors concerned in these processes may be best  appreciated 
by considering  first  those  animals in  which  metastases  occur  as  distinguished 
from those in which  no  metastases develop.  If we may again make use of the 
course of disease in different  groups of animals as an index of general  resistance, 
it would be safe to  assume that  those  animals in which  the  disease  pursues  a 
fulminating course are the ones that are most indifferent  to the tumor and  these 
were  the  animals that  showed  the most widespread distribution  of metastases. 
They accounted for the wave of maximum incidence  and of maximum distribu- 
tion that occurred at about the 6th to the 7th weeks after inoculation3 
If  one  considers  the  incidence  and  distribution  of  metastases 
in all classes of animals during the first 6 to 8 weeks after inoculation, 
it will be noted that the peak of metastatic involvement was reached 
in practically all those organs and tissues which are not directly in the 
path  of  the  lymphatics  leading  upward  from  the  primary  tumor. 
During the first 4 or 5 weeks, the lungs showed the highest incidence of 
metastases, followed by the suprarenals, the kidneys, the liver, and the 
heart,  in the  order given, with  such organs as  the  eyes,  the  muscles, 
the  superficial lymph nodes,  the bones,  the hypophysis, and  the  skin 
forming  a  second  group  in  which  the  order  of  frequency  was  less 
definite. 
The sequence in development of metastases in this group of organs 
suggests a  distribution of cells by the blood and the order of incidence 
conforms fairly closely to that usually given for the lodgment of blood 
emboli,  with  a  notable  absence  of metastases  in  such  organs  as  the 
spleen  and  the  central  nervous  system.  (The  area  supplied  by  the 
mesenteric  arteries  is  here  omitted  on  account  of  the  possibility 
of confusing blood-or  lymph-borne  metastases  with  implantations.) 
There  is  not  an  absolute  agreement,  however,  but  the  evidence  is 
sufficient to  show  that  under  favorable conditions,  cells entering  the 
blood stream may pass the pulmonary capillaries and be distributed to 
various parts of the body in a  viable condition and that, in such cases, 
the  location  of metastases may be  determined  largely in  accordance 
with principles of embolic distribution. 
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It is obvious,  however, that mere mechanical  distribution  cannot 
determine growth.  From what has been learned of the ability of the 
tumor to grow in different tissues  by  the  use  of  direct  inoculation 
and by the study of metastases, it is obvious that the possibilities of 
growth in any location are contingent upon the availability 6f nutritive 
substances.  If the factor of animal resistance could be eliminated, the 
tumor would grow best in those organs where food is most abundant, 
but under ordinary circumstances, growth is modified to a  greater or 
less extent by the local reaction, and this varies in different organs or 
tissues so that the picture actually presented in any given  instance 
represents a  resultant  of the two factors.  Thus,  in  the most fulmi- 
nating cases of malignancy, cells may be  distributed  in  large num- 
bers to  nearly every part of  the  body  and  they may grow almost 
anywhere, but they appear to grow best where food is most abundant. 
For example, in cases of this type, one almost invariably finds the most 
extensive growth in  the liver.  The lesions in  other  organs  may be 
almost as numerous, but even in such organs as the kidneys they do not 
show the same activity of growth.  In fact, they may be so small as 
to be barely perceptible.  In the same way, metastases in the lungs, the 
skin, and subcutaneous tissues rarely showed a rate of growth equal to 
that of metastases in parenchymatous organs, lymph nodes, or muscle 
even though there was comparatively little local reaction to interfere 
with their nutrition. 
In like manner, while cells are distributed both by the lymphatics 
and the blood, lymphatic distribution is a relatively slow process and 
any effect that it might have in determining the location of metastases 
may be forestalled to a  great extent by a more rapid  distribution of 
cells through the blood. 
In  certain  instances,  therefore,  the  development  of  metastases 
may become a function of time and of nourishment.  This is especially 
true in animals with the most malignant tumors.  Such animals are 
essentially indifferent; viable cells are distributed mechanically to all 
parts of the body, but on account of differences in the food supplied 
in different organs, certain lesions grow rapidly and death occurs before 
the cells in other locations have had an opportunity to develop. 
In animals that show an increase in resistance with the progress of 
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determined more and more by positive  factors  of animal  resistance. 
As long as resistance is comparatively low, cells may be widely distrib- 
uted and  growth  may take place in  many parts  of the  body, while 
the rate of growth is still determined largely by the nourishment pro- 
vided in a  given tissue.  But in more  resistant  animals,  or as resis- 
tance  increases,  the  distribution  of  cells  is  more  restricted  and 
the actual food supply of an organ becomes of less moment.  Under 
these  circunlstances,  the  important  factors in  the  development  of 
metastases  are  accessibility  and  availability  which  are  determined 
on the one hand by the resistance encountered in the medium of cell 
transport,  plus mechanical factors of distribution,  and,  on the other, 
by the local resistance to growth in different organs or tissues. 
The effect of these conditions is to alter the general scheme of liabil- 
ity to metastatic involvement.  Cell distribution  tends to be limited 
more and more  to  those organs  with  the  most  abundant  and  direct 
blood supply or  to  parts  that  are  accessible  to  the  spread  of  the 
growth by the lymphatics, while a further restriction is imposed upon 
the development of metastases by the ability of the cell to grow in such 
places as are still accessible. 
The  first  effect  of  these  conditions  is  to  produce  a  more  slowly 
progressive disease with greater  opportunity for the  development of 
metastases, so that rapidly progressive cases of malignancy in animals 
that survive 6 or 8 weeks may show a  more extensive distribution of 
metastases (gross) than those that  die within  the  first 4 or 5 weeks, 
while the relative extent of the growth in different organs also under- 
goes some change.  Thus, the growth in the kidneys was usually more 
abundant than that in the liver, and comparatively large lesions were 
found in a number of locations, while in cases of more acute death, they 
were  either  absent  or  extremely  small.  Hence  in  animals  of  this 
class, a more uniform distribution of lesions and a more uniform growth 
were the  outstanding  features of the picture  presented  as  compared 
with that seen in the most fulminating cases of malignancy. 
As the disease became more chronic, however, the order of metastatic 
involvement underwent a very decided alteration.  The relative inci- 
dence  of metastases  in  such  organs  as  the  lungs,  the  kidneys,  the 
suprarenals,  the liver, the heart,  the eyes, the muscles, the superficial 
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eous tissues suffered a  gradual or an abrupt reduction, the character 
and  extent  of  the  change  varying with  different  organs.  At  the 
same time, there was an increase in the relative incidence of  metas- 
tases in the deep lymphatics, in the retroperitoneal tissues, and in the 
mediastinum, and the change in one direction virtually compensated 
for that in the other.  Finally, a terminal increase in the incidence and 
distribution of metastases occurred, so that in animals that succumbed 
after a  prolonged course of disease,  one might  again  find the  same 
widespread distribution of lesions as in fulminating cases of malig- 
nancy, and this feature of the disease is deserving of especial emphasis. 
Much  of  the  change in  the  picture  presented  by  these  animals 
might be accounted for upon the basis  of the principles  of embolic 
distribution and what is known as to the ability of the cells to grow 
in different tissues.  Such organs as the lungs, the kidneys, the supra- 
renals, and the liver still showed a fairly high incidence of metastases, 
and  the  decrease that  occurred here  or  in  other  organs  might be 
attributed  to  local  tissue  resistance.  While  this  explanation might 
serve in the case of such organs as the skin and subcutaneous tissues, 
the lungs, the kidneys, and the liver, it would not hold in the case of the 
suprarenals, the hypophysis, the eyes, the bones, the superficial lymph 
nodes,  and  the muscles any more than it would in  the case of the 
deep  lymph nodes, the  retroperitoneal  tissues and the mediastinum 
where the incidence of metastases was upward rather than downward. 
In fact, there was no evidence of any local resistance to  the growth 
of the  tumor in  either  the supmrenals  or  the  hypophysis, and  the 
resistance encountered in the ciliary body, the lymph nodes, and the 
bones was comparatively feeble. 
In view of the number of actively growing tumors in these animals, 
there can be no doubt  that  cells entered the blood stream and  the 
lymphatics as in any other animals with actively growing tumors, but, 
for  some  reason,  few  of  the  cells  entering  the  blood  arrived  at 
their  destination  in  a  viable  condition  or  else  they were  removed 
from the circulating blood by some mechanism which interfered with 
their normal distribution.  Under these  circumstances,  blood-borne 
metastases were, as has been said, confmed to those organs with the 
most abundant and direct blood supply, while lymph-borne metastases 
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an  actual  increase.  Eventually  a  point  was  reached  at  which  the 
growth appeared  to  spread almost  entirely  by  the  lymphatics,  and 
few or no metastases were found,  except in the  retroperitoneal tissues 
and the mediastinum. 
While in such animals as these the resistance to growth on the part 
of the tissues is doubtless greater than that  of animals  in which  the 
disease  pursues  an  acutely  fatal  course,  it  is  obvious that  condi- 
tions  affecting  cell  transport  play  an  even  greater  part  in  deter- 
mining distribution and growth of metastases, for, as has been pointed 
out,  there  are  still  a  mtmber  of  organs  in  which  the  tumor  might 
grow  with  ease  provided  the  cells  could  reach  such  locations  in  a 
viable condition.  This  applies especially to the suprarenals  and  the 
hypophysis,  where,  as  far  as  is  known,  there  is  virtually  no  local 
resistance  and  tumors  never  heal,  except  as  a  result  of  vascular 
occlusion.  Moreover, as we have been able to show by direct  inocu- 
lation, the suprarenals may still retain a  degree of susceptibility even 
in a  recovered animal. 2 
It is clear, therefore,  that,  in  animals  with a high  native  resistance 
or whose resistance increases at a rapid rate in consequence of a  tumor 
inoculation, the incidence and distribution of metastases are  primarily 
functions of cell distribution.  In this instance, however, it is  evident 
that we are no longer dealing with purely mechanical principles of  cell 
embolism but with some positive factor of resistance analogous to that 
concerned in preventing the growth of cells injected intravenously into 
normal animals.  That such is the case is shown by the fact that ani- 
mals in which the disease has pursued a chronic course with metastases 
confined largely to lymphatic paths, may in the end develop numerous 
metastases  in  other  parts  of  the  body with  showers  of  microscopic 
lesions in the vessels of such organs as the lungs, the kidneys, and the 
liver, indicating a gradual or sudden collapse of some mechanism which 
hitherto  had prevented any extensive dissemination of viable cells by 
the  blood.  It will be recalled  that  this  was the  condition  found in 
the  animal  with the spontaneous  tumor. 
If one pursues the line of reasoning that has been followed thus far 
it will be found  that  many of the  phenomena  of metastasis may be 
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explained upon the basis of the general principles of cell distribution 
and  of growth which have been outlined above.  As  long as  we  are 
dealing with cases of high malignancy, the situation is comparatively 
simple, but as we pass from animals of this class to those that display 
a  higher degree of resistance, we are confronted by increasing difficul- 
ties, and in any event, there are peculiarities of incidence and  of dis- 
tribution  or of absence  of metastases  from certain organs  for which 
it is difficult to find a  satisfactory explanation.  This applies to such 
conditions  as  the  centralization  of metastases,  the  low  incidence  of 
metastases  in  the  uninoculated  testicle,  the  spleen,  and  the  thyroid 
and  the  complete  absence  of  metastases  from  the  central  nervous 
system?  In  all  such  instances,  however, there is  some  evidence  as 
to  the  nature  of  the  cause  that  is  responsible  for  the  condition 
presented. 
Attention  has  been  called to the  fact that  metastases  in  general 
diminish in frequency with the distance from the body axis, or, where 
the  blood is  the  medium  of  cell  transport,  other  conditions  being 
equal, they diminish with the distance from the heart.  This indicates 
one of two things, either that the tumor cells tend to become lodged 
before they are  carried very far or  that  the  further  they are  trans- 
ported,  the less liable  they are to reach their destination in a  viable 
condition.  In either case, it is obvious that they are subjected to some 
influence in the blood which tends to interfere with their growth, and 
the effects of this influence are more apparent under some conditions 
than under others.  It is certain, however, that this is the main factor 
concerned in the centralization of metastases. 
A similar condition appears to b e responsible for the low incidence of metastases 
in  the  uninoculated  testicle.  The  occurrence of  so  few  metastatic  lesions  is 
difficult to reconcile with our knowledge of the growth of cells that are mechanically 
introduced, and it may be that the tortuous nature of the vessels and their mode 
of entrance into  the testicle give  an added protection against  the  entrance of 
tumor cells.  This assumption  is supported by the fact that metastases do occur 
with greater frequency in the cord and epididymis and that most of the cases of 
testicular metastases recorded were  in animals  with very malignant  tumors. 
Since this statement was written, we have encountered one case  of  cerebral 
metastasis  in which the growth apparently arose from the choroid  plexus in the 
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The problem presented by the thyroid is totally different.  Persis- 
tent growth of tumor cells and the formation of visible metastases in 
the  thyroid  occurred  only  in  animals  whose  resistance  was  of  the 
lowest order.  This cannot be accounted for on the basis of accessi- 
bility,  since,  with  its  abundant  and  fairly direct blood supply,  it  is 
reasonably certain that viable cells are constantly being brought to the 
thyroid in large numbers.  Some of them make abortive attempts to 
grow but are almost immediately submerged beneath a massive chronic 
inflammatory reaction such as is not seen in any other organ or tissue. 
It~  fact,  this  reaction  is  maintained  in  some  animals  after  it  has 
practicaUy failed elsewhere, and apparently it is the tangible means of 
suppressing  tumor growth in this organ. 
Neither  of the  above explanations  is sufficient to  account  for  the 
low incidence of metastases in the spleen.  Tumor cells undoubtedly 
reach  the  spleen in large numbers,  but for some reason they do not 
grow.  There is no marked granulomatous reaction such as is believed 
to be a  controlling factor in some organs, and it is equally difficult to 
attribute the immunity of the spleen to the presence of large amounts 
of  lymphoid  tissue,  since  the  tumor  metastasizes  by way of  lym- 
phatics as well as the blood stream, or even when it cannot metastasize 
by the  blood, and  lymph nodes  themselves are  peculiarly favorable 
sites  for  the  growth  of  the  tumor.  This,  of  course,  is  the  paradox 
which  renders  it  difficult  to  assign  a  r61e of  especial importance  to 
lymphoid  tissues  per  se  in  combating  such  diseases  as  tuberculosis, 
syphilis, and  cancer.  In all these conditions,  the  causative agent  of 
the disease lodges and grows in lymphoid tissues by preference, as it 
were, or as though it enjoyed a protection which was not afforded else- 
where, and, as is known, the causative agent of some of these diseases 
does  survive  longer  in  lymph nodes, spleen,  and bone marrow  than 
in other tissues.  It is obvious, therefore, that the defensive function of 
these tissues can be exercised only in conjunction with other elements 
or tisssues.  In other words,  there are factors beyond the lymphoid 
tissues themselves. 
In a few instances in which microscopic lesions were present in the spleen, the 
growth was located at  the  center of the Malpighian bodies.  This may be no 
more than  an indication of the point at which aggregates of cells are most apt 
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than in other parts of the spleen.  While we do not pretend to know the exact 
causes  for the failure of the cells  to grow in the  spleen,  the  evidence  available 
would  seem to  indicate  that  anatomical or  circulatory  conditions  are  chiefly 
responsible  in  that  the  presence of a  system of venous sinuses  may afford an 
exceptional  opportunity for the disposal  of tumor cells. 
The complete absence of metastases from the  tissues  of the  central nervous 
system is still more perplexing.  When inoculations  are made directly into  the 
substance of the brain, the tumor grows very actively and there can be no doubt 
that, with actively growing  tumors in other parts of the body, large numbers of 
cells find  their way into the capillaries  of the central  nervous system.  Still  no 
growth takes place.  Hence it would seem that an especially  efficient mechanism 
must bar their entrance to these  tissues.  This is not  of the nature of a cellular 
reaction but apparently conditions  exist which inhibit the  growth of cells within 
the  capillaries  to a  greater extent than  in  any other  tissue  of  the  body.  The 
evidence  available indicates that the mechanism concerned  is the  same as that 
which prevents the growth of cells that gain access to the blood stream of highly 
resistant animals but that its action is greatly intensified  in the central nervous 
system. 
It will be seen,  therefore,  that from whatever angle the problem of 
metastasis is approached, the crucial factor in determining widespread 
or restricted  distribution  of metastases or the  presence or absence of 
metastases  in  any particular  location  is  the  factor  of  cell  transport. 
The ability of the  cells to grow is sometimes the  decisive factor, but 
more often this is of secondary importance.  The first line of defense is 
clearly the medium of cell transport, and in seeking an explanation for 
any given condition we are almost invariably forced  to  recognize  the 
existence  of some controlling mechanism in  the  blood or  other  body 
fluids whose action permits or prevents  the  occurrence  of metastases 
on the one hand and regulates their distribution on the other. 
The  tumor  may  metastasize  by  the  lymphatics  when  cells  are 
incapable of surviving in the blood but, as long as the cells are distrib- 
uted  entirely  by  the  lymphatics,  the  disease  progresses  extremely 
slowly  and is  stereotyped in  form; variation in the picture presented, 
widespread  metastases,  and  high  malignancy,  are  largely  functions 
of blood transport. 
Thus  far,  no  effort has  been  made  to  indicate  the  nature  of  the 
factor in the blood that regulates cell transport.  We have dealt  with 
animals in which this factor was either inoperative or only incompletely 
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show a complete absence of metastases.  Once it has been shown that 
the cells of a malignant tumor are capable of surviving the process of 
transplantation and of growing in almost any part of the body, it is not 
so difficult to understand  how  cells from an actively growing tumor 
of a  malignant  character might gain lodgment in distant parts of the 
body and establish secondary foci of tumor growth as it is to under- 
stand why no secondary growths develop in other animals with tumors 
of  the  same  character  and  equally  active  as  to  growth  and  local 
attributes of malignancy.  This aspect of the subject is obviously of 
more far reaching importance than the presence of metastases and an 
understanding of one condition is essential to an understanding of the 
other. 
It may be said at once that the reasons for the complete absence of 
metastases are not definitely known, but since in all animals there  are 
numerous locations in which the  tumor will grow  with  perfect  ease, 
the failure of metastases cannot be accounted for on the basis of tissue 
susceptibility  or  local  tissue  resistance.  There  are,  however,  many 
facts which indicate that such a condition might be brought about by a 
reaction  of the blood and  of other body fluids.  In approaching  the 
problem from this point of view, one has first to consider the attitude 
of the animal  toward the tumor cell as indicated by reactions which 
follow its introduction  into  the animal  body.  When cells are  intro- 
duced  into  the  tissues,  they  excite  a  reaction  which  is  com- 
parable in all respects to a  foreign body reaction.  There is an abun- 
dant growth of granulation tissue and an effort at encapsulation which 
may or may not  succeed in  checking the  growth of the  tumor,  and 
subsequent phases of the reaction vary accordingly. 
If  the  cells  are  injected  into  the  peritoneal  cavity,  much  the 
same thing  happens.  As has been stated, tumors rarely develop; the 
cells  gradually  become  collected  into  small  masses  surrounded  by 
fibrin  and  may remain  free in  the  cavity for  some  time  or  become 
attached  to  the  peritoneal  surface and  walled  in  by  the  growth  of 
granulation tissue.  In other words, the cells are disposed of as though 
they were some organized foreign material  of a  relatively indifferent 
character. 
The  fate  of  cells  injected  into  the  blood  stream  is  not  definitely 
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same way as cells that are introduced into the peritoneal cavity.  At 
any rate, they rarely give rise to tumors, and since  they are elements 
that are foreign to the blood, it is not unlikely that they tend to induce 
a formation of fibrin or of thrombi, such as Schmidt (7) has described 
in cases of human cancer, and are in this way prevented from obtaining 
the nourishment necessary for their growth. 
If,  therefore,  we  may  be  guided  by  the  attitude  of  the  animal 
toward the tumor cells, it is obvious that although they are products of 
rabbit  tissues,  the  rabbit  treats  them  as  though  they were  foreign 
elements either because they have suffered some alteration which has 
affected their relations with normal tissues or because they are misplaced 
and brought into relations where they have no normal place.  So long 
as we recognize  the fact that  the tumor cell arouses an  antagonistic 
reaction, it is irmnaterial which of these explanations is accepted. 
Again, if one analyzes this reaction in detail, it will be found that it 
presents many of the characteristics of an antigen-antibody reaction. 
This is seen in the increased resistance which occurs with the growth 
of the  tumor,  in  the  periodicity  of  growth  and  of  resolution,  and 
in the occurrence of the phenomenon which has been described as a 
crisis and reminds one strongly of a  local anaphylactic effect. 
In  this  connection,  attention  may  also  be  called  to  the  alter- 
ation  which  takes  place  in  the  coagulability  of  the  blood  and  is 
intimately  associated with  clinical malignancy  on  the  one hand  and 
the  incidence  and  distribution  of metastases  on  the  other.  In  fact, 
one  of  the  most  striking  features  of  highly  malignant  tumors  is 
the marked decrease in the coagulability of the blood which, in cases 
of fulminating malignancy, may extend even to incoagulability, while 
there  is  a  change  in  the  reverse  direction  in  animals  whose  resis- 
tance is increased  (3). 
There  is  no  evidence,  however,  that  the  reaction  of  the  tumor 
animal is entirely specific.  On the contrary, it is known that it is in 
part non-specific, but  it  is also known  that  resistance  to  the  tumor 
may be greatly increased by non-specific stimulation. 
The  significance  of  these  facts  may  be  better  appreciated  if  one 
applies them to  the problem of metastasis, bearing in mind  that con- 
ditions which favor  or  prevent  the  occurrence  of  metastases  cannot 
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processes which are brought into  activity by its  presence.  As  has 
been said, cells that are mechanically introduced into the circulating 
blood of normal animals are usually disposed of in such a  way as to 
prevent their continued growth, and there is  evidence that  a  similar 
reaction takes place when cells are discharged into the blood stream 
from a  growing tumor.  But,  in view of the fact that  the reaction 
(resistance)  of normal rabbits  differs with  all  forms of inoculation, 
it  would not  be  expected that all  animals would display the  same 
sensitiveness  to  the  presence of  these  cells  or  the  same  capacity 
for  their  disposal.  At  the  beginning,  therefore,  other  conditions 
being  equal,  the  fate  of the  cells  discharged into  the  blood  would 
depend  primarily  upon  the  existing  state  of  these  two  factors. 
With the continuation of the process, the cells and products of tumor 
growth acting as antigen, one of several conditions might be induced 
which may be illustrated by concrete examples of what actually does 
occur in different forms of the disease. 
In the first place, many animals possess a high threshold resistance 
to  the  tumor cells  in both  the  tissues  and the body fluids.  If, in 
addition to this,  a  gradual or rapid increase in the capacity for cell 
disposal occurred as a result of a process of automatic immunization, 
paralleling the reaction to  the primary growth,  then regression and 
absorption of the primary tumor would occur without the production 
of metastases. 
In other animals, either with or without an increase in the native 
capacity for  the  disposal  of  cells,  a  sensitization  might  take  place 
which  would  express  itself  in  either  or  both  of  two  ways:  first, 
by a  prompt  disposal  of  cells  discharged into  the  circulation, and 
second, by a  kind of local anaphylaxis due to the action  of  antigen 
and  antibody, if  we  may  t~erm them  such, in  the zone of concen- 
trated  antigen  within  and  immediately  surrounding  the  primary 
tumor.  A  condition  of  this  kind  does  occur  in  many  animals, 
giving  rise to  suppression of the primary growth by what has been 
•  termed a  crisis.  This condition, it will  be recalled, is  characterized 
by the  sudden  development of  edema,  which usually persists for  a 
short  time  and  then  rapidly disappears.  Tile  essential  element in 
this  reaction  appears to be  the formation of  coagula  of  some kind 
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and possibly in  the drainage lymphatics, which obstruct the  flow of 
blood and lymph to a  sufficient extent to  cause an edema, and, while 
the obstruction is only temporary, it is usually sufficiently enduring 
to  impair  seriously the  vitality of  the  growth and not infrequently 
produces a complete necrosis of the tumor.  This reaction is identical 
in its obvious characters with that which occurs in syphilitic infections. 
It is important to bear in mind that this  type of reaction occurs 
with the most actively growing tumors, that while the time of occur- 
rence varies with the rate of  growth in  different series of animals, 
it is  remarkably frequent  at or  near the end of the 3rd week after 
inoculation.  With a  growth of this  type, one would expect a maxi- 
mum discharge of cells into the blood and lymphatics.  Still, recovery 
frequently takes place without the development of metastases. 
The exceptions to this rule are equally interesting.  In some animals, 
the crisis is,  as we have termed it,  ineffectual, in  that  after partial 
regression, there is  renewal of growth in  the primary tumor,  or,  in 
spite of a  critical reaction of considerable degree, there is little or no 
regression but the tumor continues to grow.  In many instances, the 
growth of the primary tumor after crisis is comparatively slight, but 
the  occurrence  of  an  inei~ectual  crisis  almost  invariably  signifies 
high  or  even  fulminating malignancy which  is  the  exact  opposite 
of  the condition which exists in the case of an effectual  crisis.  In 
such instances, it would seem that the animal expends a  great part 
of its  resources for  preventing the  successful implantation  of  cells. 
At all events, metastases  appear  in  all  parts of  the body and grow 
with comparatively little opposition, indicating either that these ani- 
mals possessed  a  feeble resistance from the beginning or  that  their 
mechanism of resistance to both cell transport and growthwere affected 
at the same time and in the same manner. 
This  brings  us  to  a  third  possibility  as  regards  the  behavior  of 
animals towards the presence of tumor cells; namely, relative indiffer- 
ence with sluggish response.  For a time, such animals would permit 
the growth of the tumor and the development of metastases in favor- 
able  locations,  but as  they became aroused, resistance  would be in- 
Creased and both metastases and primary tumor suppressed.  In some 
instances,  however, metastatic growths might remain in such places 
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an immune  (?)  animal  with a  living  tumor  which  could not be sup- 
pressed  but  with other tissues protected either  by  the resistance in 
the medium of cell transport, or by a local tissue resistance. 
The  same  conditions might  be brought  about by the  existence  of 
a  relatively low threshold resistance with a  reserve capacity sufficient 
to compensate for this defect.  It is difficult to say whether the start 
that  the tumor gets in such cases is  due to indifference or to a  low 
threshold resistance.  In some instances, it appears as though the re- 
sistance of  the  animal were taxed  to  its  uttermost,  while  in others, 
the tumor grows actively for a time but is checked abruptly and with 
no  apparent  effort  on  the part  of the  animal,  which  suggests that 
resistance was merely dormant. 
A further possibility is that presented by the animal  in which there 
is a  persistence of an inactive or sluggish primary tumor with metas- 
tases distributed along the lymphatic paths of the body axis and after 
long  periods  of  time  gradually  involving  other  organs  of  the  body. 
The picture presented in these cases is clearly indicative of an initial 
metastasis by way of the lymphatics.  This would imply an immunity 
to blood transport,  since, when this path is open, metastasis is certain 
to occur by this route. 
As has been pointed out, animals of this class not infrequently show 
a  terminal systemic involvement which clearly indicates a  collapse or 
exhaustion  of the entire mechanism  of resistance. 
Finally, there is a  group of animals that is either almost insensible 
to the presence of tumor cells or incapable of dealing with them either 
in  the tissues or body fluids and the tumor progresses to a  fatal ter- 
mination with scarcely any opposition. 
While,  therefore,  the  ultimate  cause  may not  be  known  for  the 
absence of metastasis in animals in which it is reasonably certain that 
numbers of cells enter the blood and the lymphatics, it is highly prob- 
able that  the  conditions  which have  been outlined play a  very con- 
siderable part  in  determining  both the  presence  and  the  absence  of 
metastases.  In fact, it appears  that  the introduction  of tumor  cells 
into a normal animal acts in many ways as a parenteral injection of a 
foreign protein or of organized foreign material.  But, in addition,  the 
tumor cell is a living and aggressive agent which tends to perpetuate 
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which, within the capacity of the animal, increases with the growth of 
the tumor or until one or the other prevails.  This reaction is in many 
respects analogous to that seen in  certain  protozoan infections, which 
is not surprising  since in both cases the  causative  agent  is  a  highly 
organized animal cell. 
If  we adopt  this  attitude  toward  the  tumor,  it  will  be seen  that 
the  outcome  of  the  interaction  between  tumor  and  host  is  deter- 
mined by a  chain of processes which  are set in operation at the  time 
of inoculation.  Some normal animals possess the necessary capacity 
for suppressing  the primary growth and at the same  time are  capable 
of disposing of any cells that may gain entrance to the blood stream or 
lymphatics.  But, in most instances, the  threshold  resistance is com- 
paratively low and increased powers of resistance are called into being 
by a process akin to immunization. 
This  reaction  occurs  in  close  association  with  the  growth  of  the 
tumor but is directed against the tumor  cells wherever they may be 
found.  In like manner,  the expression of resistance varies according 
to the means available for preventing the growth of cells in different 
locations.  In all  cases,  however, there  is  an  encapsulation  in  some 
form  which  deprives  the cells of  the nourishment necessary for their 
growth  and  at  the  same  time  hinders  their  distribution.  Where 
viable  cells  gain  lcdgment  in  the  tissues,  a  granulomatous  reaction 
occurs and is aided in its action by the  formation  of coagula in  the 
vessels  that  supply  nourishment  to  these  tumors.  In  the  blood, 
tumor cells appear to be disposed of in the same way as any organized 
foreign material  that  cannot  be  phagocyted.  They  are  surrounded 
by fibrin and filtered out of the circulating blood or are walled in by 
the formation of a  thrombus. 
Essentially the same thing occurs in the serous cavities and in the 
lymphatics, but the conditions which favor this method of disposal are 
not  the  same in  all parts  of the body.  In  some places,  anatomical 
conditions are doubtless of importance,  as in the  case of the  spleen; 
in others, the nature of the tissue aids in determining the end-result, as 
in the lungs and the skin on the one hand,  where growth is difficult 
even  under  the  most  favorable  circumstances,  and in the liver  and 
kidneys and  the  suprarenals,  the  hypophysis,  the  lymph nodes,  the 
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abundant  or  the  local  resistance  to  tumor  growth is comparatively 
feeble. 
Finally, it is clear that in certain organs, such as the central nervous 
system, there is an additional  factor which aids in the disposal of cells 
in the circulating blood.  It is known that  the  tissue  of  the  central 
nervous  system  contains  substances  (cephalin)  which  are  among 
the  most  powerful  coagulants,  and it  appears  not  unlikely that  the 
freedom of certain organs from metastases may be attributable to the 
action of some substance which facilitates coagulation about the cells 
contained in the blood passing through  these organs. 
There  may be other processes concerned in  the  disposal  of  tumor 
cells, but there is no evidence to indicate that such is the case and the 
known facts do not require such an assumption. 
Little  is known  of processes of protection  or immunity  involving 
phenomena  of coagulation  such as appear  to be operative with  this 
tumor.  The  phenomena  described are  analogous  to  what  has  been 
observed in so called agglomeration  reactions  of protozoa  (trypano- 
somes and  blood spirochetes),  and  it is not improbable  that  similar 
processes may be  concerned in  freeing  the  blood of foreign  cells  or 
organisms of many kinds. 
Pathologists have  realized  that  some humoral  factor  must play a 
part in the resistance to malignant  tumors and to protozoan diseases, 
but  attempts  to  demonstrate  protective  principles  have  been  con- 
fined so largely to studies of sen.tin,  as distinguished  from plasma or 
whole blood, that the importance of phenomena of coagulation has not 
been fully appreciated. 
It is not known how the changes in coagulation are effected, but there 
are a number of possibilities to be considered.  Among these are the 
loss of the calcium that occurs in malignant  disease and variations  in 
fibrinogen and  thrombokinase,  such as occur in practically all  forms 
of parenteral injection of foreign proteins, both of which have a direct 
bearing upon the problem of tumor resistance.  However, itwill require 
further  investigation  to  determine  the  nature  of  the  change  that  at 
one time enables the blood to render inactive all the  cells that  enter 
and at another leads it to behave as an inert medium  distributing the 
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CONCLUSIONS. 
With a  knowledge of what takes place at the  site  of inoculation, 
in the medium of cell transport, and at the point of lodgment of cells 
in  different parts  of the body,  the problem of metastasis is  greatly 
clarified.  It is possible to explain both the presence and the absence 
of metastases as well as peculiarities of incidence and of distribution 
upon the basis of established facts which in no wise conflict with what 
has been determined in the case of other tumors.  On the contrary, if 
this  conception be  adopted,  it  will  aid materially in  clarifying our 
understanding  of phenomena of metastasis  or  of  tumor  growth  in 
general. 
Once it is  granted  that  the  tumor  cell is  capable  of exciting an 
antagonistic  reaction on the part  of  the host, either in  virtue  of a 
change in the cell itself or of its entrance into an environment where 
it has no normal place, the problem immediately resolves itself into 
a  consideration of the consequences entailed in accordance with the 
general scheme that has been outlined above. 
When viewed from  this  standpoint,  the  current  conception of  a 
malignant tumor as a lawless growth (autonomous) is hardly tenable. 
It may be viewed as an abnormal growth resulting from a disturbance 
of a  growth-regulating mechanism and is lawless in the sense that it 
tends to  override existing processes of restraint,  but its  behavior is 
that of a living and aggressive foreign agent, and all the phenomena 
associated with its presence are susceptible of analysis upon the basis 
of the same principles of pathological  action  that  are  applicable  to 
such conditions.  Even  the  distinctions  that  are  recognized in  the 
mode of metastasis of different classes of tumors are explainable upon 
this basis, not as expression of any inherent tendency on the part of the 
tumor to spread by any particular path but merely as results of follow- 
ing the line of least resistance.  Naturally this would vary according 
to the origin of the cell.  Thus cells of a  sarcoma are not so far re- 
moved genetically from blood elements as are epithelial cells and hence 
might arouse less antagonism if they entered the blood stream and, 
under ordinary circumstances, would be more likely to be distributed 
by this path than the  cells of a  carcinoma.  On the other hand, me- 
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activity but is a  matter  of necessity in many instances,  or until  the 
blood resistance has been reduced to such an extent that cells entering 
the blood stream are no longer destroyed. 
This discussion of the phenomena of metastasis  leaves many ques- 
tions  still untouched.  The  foremost of these are  the  causes for  the 
wide variations in the incidence of metastases  (28 to 100 per cent) in 
different series of animals and for such differences in the behavior of 
individual  animals  as  have  been  described.  These  subjects  have  a 
more intimate  connection with  conditions  that  affect malignancy  or 
animal resistance and will be taken up in the next papers of this series 
which  deal with  variations  in malignancy  and  factors that  influence 
animal resistance. 
SUMMARY. 
Data  bearing  on  the  occurrence  and  distribution  of  metastases, 
as recorded in the preceding papers of the  series, are  analyzed with 
reference to the parts played by the tumor cell and by conditions which 
influence cell distribution and cell growth. 
It is shown that, wkile the tumor cell is an essential element in the 
production of metastases, its influence is relatively  constant, and that 
the prime factors responsible for variations in the occurrence and dis- 
tribution  of  metastatic  growths  are  conditions  that influence  cell 
distribution  or that  affect the viability of the  cell during  transport, 
and  conditions  that  affect the nutrition  of the  cell wherever it may 
become lodged. 
It is further shown that both the presence and the absence of metas- 
tases,  as well as peculiarities  of distribution  and  of growth,  are  sus- 
ceptible of a  comparatively simple explanation upon the basis of well 
recognized principles  of pathological  action.  In brief,  it was found 
that,  while the tumor cells might be distributed by  either  the blood 
Stream or the lymphatics, the mode of distribution and the fate of the 
cells were determined in accordance with the same general principles 
that  are  applicable  to  the  distribution  and  disposal  of  foreign  cells 
introduced into the animal body.  It was pointed out, however, that 
in applying these principles to tumor metastasis,  it was necessary to 
recognize the fact that tumor cells bear a defilfite relation to the tissues 
of the host and that they are living and agressive agents.  Hence, the WADE H.  BROWN AND  LOUISE PEARCE  405 
reaction that  they arouse differs in some respects from that produced 
by inert or unorganized  foreign material or by living cells of a  foreign 
species. 
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